antibodies. His vision recovered postoperatively. He was given cranial irradiation and hormone replacement treatment with desmopressin, thyroxine, and cortisone acetate. Growth was static 18 months after surgery, and plasma growth hormone and prolactin concentrations were undetectable.
Conversion: SI to traditional units-Glucose: 1 mmol/l1 18 mg/100 ml.
Discussion
Pituitary apoplexy associated with gigantism in childhood is rare. Our patient is the youngest patient with pituitary apoplexy to have been reported on.3 Impairment of the infundibular circulation by impaction of the enlarging tumour at the diaphragmatic notch may cause infarction or haemorrhage, or both, into the pituitary gland.' Once this process occurs the tumour mass expands beyond the site of the original adenoma and may lead to typical symptoms of raised intracranial pressure.
Previous reports of pituitary apoplexy in acromegaly have mentioned considerable improvement in clinical signs after the apoplectic episode. In most cases hypopituitarism occurs with a pronounced decrease in growth hormone concentrations.2 In our case, although plasma growth hormone concentrations were undetectable both before and after operation, the rapid growth, tall stature and enlarged pituitary fossa substantiated the diagnosis. Galactorrhea and the results of immunoperoxidase staining indicated that it was due to a pituitary adenoma secreting growth hormone and prolactin. A spontaneous endocrine "cure" occurred after pituitary apoplexy as hypopituitarism was present preoperatively. Growth A novel therapeutic device has recently become available in Britain which obviates many of these problems by providing an easily adjustable fluid output, thus-allowing unrestricted nutrition and reducing the need for haemodialysis.
Description and method of use
Device and circuit-The Amicon Diafilter is a hollow fibre haemofilter constructed from a highly permeable polysulphone membrane and is available in two main sizes, 0-2 square metre (Diafilter 20) and 0 6 square metre (Diafilter 30). In all of the patients reported here we used the small filter (blood volume less than 12 ml), which provides an adequate fluid output of-up to 15 1/24 hours and results in a lower pressure gradient in the blood compartment than with the larger filter, thus reducing the incidence of clotting. Blood inflow and outflow ports are sited at each end ( of the plasma, and clearance rates of urea and creatinine are thus the same as the filtration rate. The molecular size cut off is roughly 10 000 daltons; hence' no appreciable loss of protein occurs, whereas amino acids are filtered freely.2 Predictably, and as an incidental benefit, calcium is present in its ionised form only, thus providing a measure of the ionised proportion of total plasma calcium. Conjugated bilirubin is filtered, while the unconjugated protein bound proportion is retained. If filtration is not restricted, up to 15 1 a day may be produced, depending on blood pressure, blood flow, and the packed cell volume.
Patients and results
Twenty five patients with oliguric renal failure were treated over 18 months. Their age range was 28-68 years. In 18 cases the oliguria was precipitated by operation (8), trauma (2), pancreatitis (2), rhabdomyolysis (3), and septicaemia (3); in six by acute on chronic renal failure; and in one by failure of a renal transplant.
Haemofiltration was given for a mean of 6-6 days (range 2-28), and the mean filtration volume was 6 1/day. Haemodialysis was applied every third or fourth day. The mean life of the haemofilters was 46' hours.
Of the 25 patients, 14 survived more than two months after the period of oliguria (survival rate 56%).
Case 1-A 63 year old woman with chronic renal failure due to pyelonephritis presented with pulmonary oedema and acute oliguria precipitated by septicaemia. Peritoneal dialysis failed to control the uraemia or to remove sufficient fluid, and haemodialysis was ruled out by virtue of her hypotension. Haemofiltration was therefore started at 300 ml/hour using an arteriovenous shunt while initially continuing peritoneal dialysis to provide additional solute and electrolyte clearance. In this way fluid overload was successfully corrected, cardiac output improved, and her blood pressure rose. She was then maintained for 10 days on continuous haemofiltration, with intravenous fluid and nutritional replacement and intermittent haemodialysis, which was applied every third day. (Peritoneal dialysis was discontinued after 12 hours of haemofiltration.) She subsequently recovered from the acute illness and was treated with intermittent peritoneal dialysis until her death six weeks later of a cerebrovascular accident.
Case 2-A 50 year old woman presented with acute oliguric renal failure as a consequence of legionnaires' disease. She was severely catabolic and haemodialysis was required daily to control uraemia. This was poorly tolerated, however, and was difficult to provide as often as necessary. She was therefore established on haemofiltration with an output of 5 1 daily with appropriate fluid replacement and intermittent haemodialysis every third or fourth day. Figure 3 shows the second of two periods of combined haemofiltration and haemodialysis. Very satisfactory control of uraemia was achieved, particularly as the catabolic state lessened in response to adequate nutrition. She subsequently made a good recovery after a total of six weeks of oliguria, during which she underwent haemofiltration for a total of 28 days.
In all patients, once fluid overload had been corrected by unrestricted filtration, the gate clamp was applied, reducing filtrate volume to about 6 1 daily. This output was matched by an equivalent * X ' -, . @ ' ¢ $ ' , . , -, . . Heparinisation requirements were low (mean 750 U Leo porcine mucosal heparin/hour). The heparin dose was monitored on haemofilter outflow blood by use of Hemochron activated whole blood clotting times, which were maintained at 30-60 s over baseline. Heparin concentrations in the haemofilter outflow blood were between 300 and 600 U/1, while systemic heparinisation was less than 200 U/1. Life of the haemofilters varied between 24 and 72 hours with a mean of 46 hours, though many were discarded before haemodialysis despite remaining fully functional. (The arteriovenous shunt was required for haemodialysis.)
The biocompatibility of the device was assessed in six patients. Platelet count, neutrophil count, pressure of arterial oxygen, and complement activation fragment C3d (two patients) were measured before and at 15, 60, 120, and 240 minutes after beginning haemofiltration. There was no fall in platelet or neutrophil count, no hypoxia, and no increase of plasma C3d. This contrasts with haemodialysis with cuprophane membranes, where neutropenia and a fall in platelet count occur, hypoxia is induced, and C3d concentrations rise.3 CLEARANCE EFFICIENCY (C o') Urea and creatinine are present in plasma and filtrate in identical concentrations, so that by using the simple calculation C°,,=(filtrate concentration x 100)/plasma concentration, each is found to have a CO', of 100. Clearance efficiency of larger molecules was measured on two occasions, up to five hours after beginning haemofiltration, using 58Co labelled vitamin BI, (molecular weight 1400) and 14C labelled inulin (molecular weight 5200). Two hours after starting haemofiltration a loading dose of 2 mg vitamin B,, was given intravenously to saturate binding sites. One hour later -8Co-vitamin B12 was infused for a further two hours. Simultaneous plasma and filtrate samples were taken at half hour intervals during this time and the radioactivity measured in an automated gammacounter (Beckman). Activity was similar at all times with a mean clearance efficiency of 101 30,, up to five hours after starting haemofiltration. A similar procedure was used to assess inulin clearance. Eighty per cent of the total dose of radiolabelled inulin was given intravenously one hour before haemofiltration in order to saturate the extravascular space. Haemofiltration was begun and at the same time an infusion of the remaining inulin was started and continued for three hours. Simultaneous samples of plasma and filtrate were taken at half hour intervals and the activity measured in a Beckman automated scintillation counter. (Protein was precipitated from the plasma with an equal volume of 12"0, trichloroacetic acid: filtrate samples were similarly diluted with an equal volume of trichloroacetic acid.) Mean clearance efficiency was 103 8"o for inulin.
Albumin is not filtered and can therefore be ascribed a clearance efficiency of nil.
Discussion
Arteriovenous haemofiltration proved to be a safe, effective method of fluid removal. In this group of 25 patients 14 survived at least two months beyond the period of oliguria. A survival rate of 560, is not significantly better than expected in acute renal failure treated conventionally. The management of these patients was significantly simplified by this procedure, however, with smoother control of uraemia, improved fluid balance, and liberal nutrition.
In addition to its use in renal failure, it has potential applicanon in other cases of intensive care medicine. Short term haemofiltration for fluid removal during cardiopulmonary bypass has been described,4 and a similar technique has been applied as an isolated procedure to correct fluid overload in an intensive care unit.5 Burnt patients who suffer life threatening protein loss might also be helped by this technique, which would aid plasma water removal and facilitate protein replacement.
Continuous haemofiltration as a replacement for haemodialysis has been developed in Germany.' Kramer et al removed 15-20 1 of filtrate daily by unpumped haemofiltration and replaced the fluid with potassium free Ringer's lactate solution and appropriate nutritional supplements. This method results in nitrogenous breakdown product clearance rates exceeding 8 ml/min, leading to a steady state and obviating the need for diffusion dialysis. Although this approach is undoubtedly successful, we think that the procedure is complicated by the large volumes of fluid being exchanged, which are an additional risk to the patient: small errors in fluid balance might result in an unacceptable degree of overload or dehydration. With restricted continuous haemofiltration (6 1/day) we are able to maintain fluid balance easily, can administer optimum calorific nutrition, and can apply haemodialysis (which is readily available) less frequently. In view of the efficient clearance of molecules above a molecular weight of 5000 haemofiltration may have the additional advantage of removing the larger middle molecule toxins,which are poorly cleared by haemodialysis.6 No notable complications of the procedure occurred during this study. Hypotension was not encountered unless unrestricted filtration was applied to an unstable patient. If necessary, during periods of hypotension the filtrate outflow line may be clamped off completely without disturbing blood flow through the filter. No serious blood leaks occurred, although small leaks were observed on three filters from a faulty batch, and two others occurred as a result of applying too high a pressure during priming with saline. There were no infectious complications.
We regard continuous haemofiltration as a routine, integral part of the management of oliguric renal failure. At a cost of about £45 for a haemofilter it represents not only a simple and efficient renal replacement therapy but also an economical one. It allows maintenance of a very stable fluid and nutritional state, is well tolerated, has no side effects, and may improve the outlook of these patients.
